Introduction {#s1}
============

The rate or extent of dissolution of drug from any solid dosage form is a rate limiting step in the poor process of water soluble drug absorption. Potential absorption problem is due to erratic and incomplete absorption from gastrointestinal tract and occurs if the aqueous solubility is less than 1mg/mL. Therefore, for better and quick absorption, dissolution rate enhancement is critical.^[@R1],[@R2]^

Several techniques have been developed to enhance the solubility and overcome the problems associated with poorly water soluble drugs such as solid dispersion, inclusion complex, ultra rapid freezing process, melt sono crystallization, solvent change method, melt granulation technique, supercritical solvent, supercritical and cryogenic technique, micronization, cosolvent approach, salt formation, use of surfactant and use of pro-drug.^[@R3]-[@R8]^

Solid dispersion technique has been widely used to increase the solubility of a poorly water soluble drug. Based on this method, a drug is utterly dispersed in a hydrophilic carrier by appropriate methods of preparation. The main mechanism for increasing the solubility and the dissolution rate of the drug is the included reduction of particle size of drug to submicron size or molecular size. The particle size reduction is attributed to increased wettability within the dispersions which generally increases the rate of dissolution. Furthermore, the drug is changed from amorphous to crystalline form, the high energetic state, which is highly soluble. At last, wettability of drug particle is improved by the hydrophilic carrier.^[@R1],[@R9]-[@R12]^

Solid dispersion, which was introduced in the early 1970s, is basically a multicomponent system, having drug dispersed in and around hydrophilic carrier (s) and can be prepared by various methods such as solvent evaporation, cogrinding and melting method.^[@R13]-[@R17]^ A cogrinding technique has been employed to prepare the formulations. The method has some advantages over other techniques of solid dispersion formulations in that it does not require the use of toxic solvent therefore environmentally favorable and economically less expensive.^[@R18]^

Different hydrophilic carriers, such as polyethylene glycols, polyvinylpyrrolidone, hydroxypropyl methylcellulose, gelucires, poloxamers, gums, sugar, mannitol and urea have been examined for improvement of dissolution characteristics and bioavailability of poorly water soluble drugs.^[@R10],[@R11],[@R19]-[@R27]^

Piroxicam (PRX) is one of the most potent non-steroidal anti-inflammatory drugs which is employed in musculoskeletal and joint disorders such as ankylosing spondylitis, osteoarthritis, and rheumatoid arthritis. Based on the Biopharmaceutical Classification System, PRX belongs to the class II, characterized by low solubility. A brief review of literature showed that many different carriers and methods were used to formulate solid dispersion formulations of PRX. However, Elaeagnus angustifolia fruit powder was not used in the formulation of solid dispersions before our investigation in 2010.^[@R1],[@R18][@R28]-[@R30]^, Considering the abundance of Elaeagnus angustifolia in vast areas of central and western Asia including Iran, the anti-nociceptive and anti-inflammatory effects could potentiate the effects of ibuprofen. The major constituents of oleaster powder are glucose and fructose (more than 55% w/w) which confer a high degree of hydrophilicity to it.^[@R18]^ In this study, solid dispersions were formulated with three water soluble polymers including microcrystalline cellulose (MCC), crospovidone and Elaeagnus angustifolia fruit powder by cogrinding technique.

Materials and methods {#s2}
=====================

Materials {#s2-1}
---------

PRX was a gift from Zahravi Pharmaceutical Company (Iran). Microcrystalline cellulose (Avicel PH-101) and crospovidone were supplied from Blanver (Korea) and BASF (Germany) Companies, respectively. Elaeagnus angustifolia fruit (vernacular name is senjed which is native to central and western Asia including Iran) powder (Tabriz product, Iran) was used as received. HCl, NaOH and KH~2~PO~4~ were obtained from Merck Company (Germany).

Methods {#s2-2}
-------

Preparation of physical mixtures {#s2-3}
--------------------------------

To prepare physical mixtures of drug and carriers with different ratios (1:0.5, 1:1, 1:2, 1:5 and 1:10), the calculated amounts of PRX and carriers were weighed and mixed by tumbling method in a glass bottle.

Preparation of solid dispersions {#s2-4}
--------------------------------

Solid dispersions of PRX with different carriers were prepared by cogrinding method. Accurately weighed quantities (10 g) of PRX and the respective carrier were located into a Ball Mill (Fritsch, Germany). The mixtures were then rotated (rpm=360) at room temperature for 3 h at different angles mostly in 45 ^º^.

Characterization of solid dispersion {#s2-5}
------------------------------------

Powder X-Ray Diffraction (PXRD) studies {#s2-6}
---------------------------------------

The powder X-ray diffraction analysis was conducted for pure and treated drug, polymers, physical mixtures and solid dispersions. X-ray diffractograms were obtained using the Siemens (Germany) X- ray diffractometer with Cu-Kα (λ= 1.54 Å) radiation at 40 kV and 30 mA. All samples were scanned over a 2θ range of 30-80 ° at a step size of 0.02 °.

Differential scanning calorimetry (DSC) {#s2-7}
---------------------------------------

Accurately weighed samples (pure PRX, treated PRX, carriers, physical mixtures and solid dispersions) were placed into the standard aluminum pans with lids. Subsequently, the physical status of PRX of the formulations was monitored using the differential scanning calorimetry (DSC60, Shimadzu, Japan). The heating rate was 20 ^º^C/min and the heat flow was recorded from 25 ^º^C to 250^º^C. The aluminum oxide was used as reference.

Fourier Transform Infrared (FT-IR) spectroscopic analysis {#s2-8}
---------------------------------------------------------

FTIR spectra of the treated and pure powder of PRX and all carriers as well as physical mixtures and solid dispersions with drug to carrier ratio of 1:2 were obtained using a spectrophotometer (Bomem, USA) by potassium bromide (KBR, 150 bar) pellet method. The scanning range was 450--4000 cm^−1^, and the resolution was 4 cm^−1^.

Particle size analysis {#s2-9}
----------------------

The mean particle size and size distribution of the pure and treated powder of PRX were determined (n=3) using the laser diffraction particle size analyzer (Shimadzu, Japan) equipped with the Wing SALD software (version 2101).

In vitro release study {#s2-10}
----------------------

*In vitro* dissolution study was conducted using USP apparatus No. II (paddle method) in a speed of 100 rpm and a fixed amount of solid dispersions, physical mixtures and PRX powders (treated and nontreated) containing 20 mg equivalent of PRX. Nine hundred milliliters of simulated gastric fluid (SGF, pH 1.2) and simulated intestinal fluid (SIF, pH 6.8) at temperature of 37 ± 0.5‏ ^°^C were used as dissolution media. The dissolution test was carried out for 60 min and 5 mL sample was withdrawn at predetermined intervals of 5, 10, 15, 20, 30, 45 and 60 min. The dissolution samples were then analyzed by UV-VIS spectrophotometer (SHIMADZU, Japan) at λ max =234 nm (linear in the range of 2.5-20 µg/mL, R^2^= 0.9996 at pH 1.2 and R^2^= 0.9997 at pH 6.8).

Release kinetic analysis {#s2-11}
------------------------

The release data obtained from *in vitro* dissolution studies were fitted to ten linear and seven non-linear kinetic equations to find out the best model of drug release ([Table 1](#T1){ref-type="fig"}). The precision and prediction power of the models were evaluated by calculation of mean percent error (MPE) for each set as well as overall mean percent error (OMPE) for all sets using following equations:

![](BI-4-141-g007){#T1}

$$MPE = 100/N{\sum\limits_{}^{}{(\left| {F_{cal} - F_{obs}} \right|/F_{obs})}}$$

Where F~obs~ and F~cal~ are the measured and calculated fraction of the drug released in each sampling time, and N is the number of sampling times.^[@R2],[@R31]^

$$OMPE = \frac{\sum\limits_{1}^{32}D}{32}$$

Where, 32 is the number of formulations.

Dissolution profile of different formulations were compared using calculation of mean percent dissolution (MPD) and time needed to release 50% of incorporated drug (t50%) in pH 1.2 and 6.8.

MPD was calculated according to the following equation:^[@R23],[@R32]^

$$MPD = {\sum\limits_{i = 1}^{n}D}$$

Where D is the percent of drug dissolved at different sampling times.

Results {#s3}
=======

Characterization of the solid dispersions {#s3-1}
-----------------------------------------

Particle size analysis {#s3-2}
----------------------

The particle size analysis results indicated that the mean particle size diameter of treated PRX powder was significantly (*p*\<0.05) lower than pure drug ([Fig. 1](#F1){ref-type="fig"}).
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Powder X-Ray Diffraction studies {#s3-3}
--------------------------------

PXRD spectrum of pure PRX showed distinctive peaks in the 2θ= 8.99, 14.46, 17.67, 21.83 and 27.36 which indicate the crystalline form β of PRX ([Fig. 2](#F2){ref-type="fig"}).
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Differential Scanning Calorimetry {#s3-4}
---------------------------------

Differential scanning calorimetry pattern displayed a sharp endothermic peak at 206 ^º^C, corresponding to the melting point of PRX ([Fig. 3](#F3){ref-type="fig"}).
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Fourier Transform Infrared spectroscopy {#s3-5}
---------------------------------------

The FTIR studies were performed in order to find out the probable intermolecular interactions between the drug and carriers. The FTIR spectroscopy pattern of pure and treated PRX and carriers, as well as physical mixtures and solid dispersions (drug: carrier, 1:2) are presented in [Fig. 4](#F4){ref-type="fig"}.
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In vitro drug release {#s3-6}
---------------------

Dissolution profiles of physical mixtures and solid dispersions of PRX prepared with various drug to carrier ratios as well as treated and pure PRX powders at pH 1.2 and 6.8 are presented in [Fig. 5](#F5){ref-type="fig"} and [6](#F6){ref-type="fig"}, respectively. Dissolution rate of all physical mixtures were much higher than the pure PRX which may be because of high hydrophilicity of the polymers. [Table 2](#T2){ref-type="table"} illustrates the time needed to release 50% of incorporated drug and the mean percent of dissolution from pure and treated PRX as well as physical mixtures and solid dispersions of PRX. Dissolution rate is considered faster, when the value of t~50%~ is lower and MPD value is higher. In solid dispersions, drug release rate was enhanced as a consequence of increasing carrier concentration up to ratio of 1:2, while MCC containing solid dispersions showed the maximum release rate at the drug to carrier ratio of 1:2 ([Table 2](#T2){ref-type="table"} and [Fig. 5](#F5){ref-type="fig"}).

###### Mean percent dissolution (MPD) and time needed to release 50% of incorporated drug (t~50%~) of formulations in pH 1.2 and 6.8.

  ------------------------ ------------- ------------ ------------- ------- ------
  **Formulation**                        **pH 1.2**   **pH 6.8**            
  **MPD**                  **t** ~50%~   **MPD**      **t** ~50%~           
  P.PRX                                  27.6         75            30.3    53
  T.PRX                                  48.9         24            51.2    24.2
  Avicel                   PM 1:0.5      41.2         22            51.9    20
  PM 1:1                   49.4          18           57.3          18      
  PM 1:2                   54.4          17           61.2          15      
  PM 1:5                   57.5          16           60.9          14      
  PM 1:10                  76.7          9            76.2          7       
  SD 1:0.5                 42.8          20           53.4          20      
  SD 1:1                   55.1          16           62.2          13.8    
  SD 1:2                   80.6          5            85.9          3       
  SD 1:5                   85.9          3            89.9          2       
  SD 1:10                  84.9          2.8          70.2          2       
  Crospovidone             PM 1:0.5      61.6         15            67.8    11.5
  PM 1:1                   76.3          9            71.57         5.5     
  PM 1:2                   80            4            90.83         3       
  PM 1:5                   79.7          4            90.37         3       
  PM 1:10                  81.6          4            91.2          3       
  SD 1:0.5                 68.2          4            73.94         2.8     
  SD 1:1                   83.7          3            89.9          2.6     
  SD 1:2                   92.6          3            93.2          2.8     
  SD 1:5                   93            2.8          92.9          2.8     
  SD 1:10                  91.7          2.5          90.8          2.8     
  Elaeagnus angostifolia   PM 1:0.5      56.2         17            64.26   15
  PM 1:1                   61            15           68.9          11.8    
  PM 1:2                   66            10           69.6          11      
  PM 1:5                   68.3          9            73.7          9       
  PM 1:10                  79            7.5          77.7          6       
  SD 1:0.5                 71.8          8            80.5          6.5     
  SD 1:1                   75.8          6.4          81.8          5       
  SD 1:2                   78            4.5          86.2          3.5     
  SD 1:5                   59.6          14           61.9          11      
  SD 1:10                  34.3          47           43.7          28      
  ------------------------ ------------- ------------ ------------- ------- ------

P=Pure, T=Treated, PM=Physical mixture, SD=Solid dispersion
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[Fig. 6](#F6){ref-type="fig"} shows that the dissolution of PRX is remarkably influenced by pH of the dissolution media in the presence or absence of a carrier.

Solid dispersions prepared by crospovidone with ratios of 1:0.5 and 1:1 showed a higher dissolution rate compared to MCC and Elaeagnus angustifolia fruit powder. Increasing the ratios of crospovidone from 1:1, Elaeagnus angustifolia fruit powder from 2:2 and MCC from 1:5 did not result in further increasing in dissolution rate. Therefore the best ratios for drug to carriers were as follows: crospovidone; 1:1, EA; 1:2 and MCC; 1:5.

The percentage of drug released at pH 6.8 is obviously higher than the amount of drug dissolved at pH 1.2. This could be due to the better solubility of the weak acid PRX because of a greater ionization at higher pH values.

Release kinetics {#s3-7}
----------------

The *in vitro* release data of prepared solid dispersions were ﬁtted to 10 linear and 7 non-linear kinetic models to clarify the mechanism of drug release. Results are presented in [Table 1](#T1){ref-type="fig"}.

Discussion {#s4}
==========

The treated powder had a reduced geometric diameter and as a result, a higher surface area than that of pure PRX. According to the Noyes--Whitney equation, the amount of solid drug per unit time, dM/dt, is related to the surface area of the solid (S).

$$\frac{dM}{dt} = \frac{DS}{h}(C_{s} - C)$$

Where D is the diffusion coefficient of the solute in solution, h stands for the thickness of the diffusion layer, C~s~ and C are the solubility and the concentration of the solute in the solution, respectively.^[@R1],[@R2],[@R24]^ Therefore, the main reason of higher dissolution rate of the treated PRX compared to pure PRX may be described by particle size reduction during grinding process.

The treated PRX showed a different PXRD pattern with lower crystallinity indicating the effect of grinding on crystallinity. Comparing peaks height in the physical mixtures (drug: carrier, 1:2) indicated a reduction in the magnitude of peaks due to the dilution effect of the carriers. Reduction in the height of peaks and absence of some major peaks seen in PXRD patterns of the solid dispersions containing MCC and Elaeagnus angustifolia powder indicated a decrease of PRX crystallinity in these formulations ([Fig. 2](#F2){ref-type="fig"}). Conversely, the PXRD patterns of physical mixtures and solid dispersions containing crospovidone did not show any reduction in crystallinity.

The DSC spectrum of the treated PRX also exhibited endothermic melting peak at 206 ºC. The lower intensity of peaks in physical mixtures of carriers and PRX compared to the pure PRX, and reduction of molar melting enthalpy could be explained by lower amount of PRX in PMs and dissolving of PRX in melted carriers. The reduction of molar melting enthalpy value and melting point in DSC spectra of the solid dispersions indicated the lower crystallinity of PRX in the solid dispersions. These results together with PXRD results confirmed that the majority of crystalline PRX was altered to the amorphous state in the solid dispersions prepared with all carriers by cogrinding methods.

Absorption peaks of 3333 cm^-1^and 3338 cm^-1^inFTIR spectroscopy pattern are related to the OH and NH bond, respectively. Absence of any other new peaks in the physical mixture and solid dispersions, and lack of elimination of these peaks and change in the positions of the absorption bands pointed to the absence of any significant interaction between PRX and carriers during cogrinding process.

Hydrophilic polymers cause aggregation reduction, wettability improvement and local solubilization by the carrier in the diffusion layer and hence increasing the dissolution rate. Although a direct relationship between the amount of carrier and PRX dissolution rate was found, increasing the carrier ratio more than 1:5 did not significantly affect the dissolution rate of different physical mixtures. On the other hand, the solid dispersion particles with different drug to polymer ratios showed the higher drug release rate compared to the related physical mixtures and pure drug.

Both of model independent parameters verified that the release rate is faster from the solid dispersions.

Piroxicam occurs as a white crystalline solid, sparingly soluble in water, dilute acid, and a most organic solvent. It is slightly soluble in alcohol and in aqueous solutions. It exhibits a weakly acidic 4-hydroxy proton (pKa 5.1) and a weakly basic pyridyl nitrogen (pKa 1.8). The improved drug release rate could be attributed to the drug crystallinity reduction in the PRX solid dispersions prepared by MCC, crospovidone and Elaeagnus angustifolia fruit powder. The amorphous form of a drug has a higher thermodynamic activity than its crystalline form, resulting in the rapid dissolution of the drug. It is usually believed that a drug in a solid dispersion system commonly exists in an amorphous form. Furthermore, the reduced particle size and accordingly elevated surface area could elevate the dissolution rate of PRX in the solid dispersions.^[@R33]-[@R35]^ Plus latter evidences, increasing drug wettability and solubility besides deaggregation of the drug particles caused by the polymers could be the reasons for enhanced drug release rate from the solid dispersions.

The accuracy and prediction of the models were assessed by calculation of mean squared correlation coefficients (MRSQ) and mean percent error (MPE).^[@R2],[@R18],[@R31]^ With the MRSQ and MPE values in mind, release data of all the formulations were fitted best to the Weibull, suggested No.1 and logistic models with MPE values of 4.74, 5.15 and 6.77.

Conclusion {#s5}
==========

Solid dispersions of piroxicam were prepared with crospovidone, MCC and Elaeagnus angustifolia fruit powder with different ratios employing cogrinding method and characterized by PXRD, FT-IR spectroscopy, DSC, particle size analysis and *in vitro* dissolution tests. The solid state studies employing DSC and PXRD confirmed that solid dispersion of PRX with all carriers can decrease crystallinity or increase amorphousness of the drug. Results of FT-IR spectroscopy indicated the absence of any interaction between drug and carriers. Obtained solid dispersions had reduced size and were dissolved quickly in simulated gastric fluid and simulated intestinal fluid compared to the pure PRX, treated PRX and physical mixtures. The dissolution study results showed that solid dispersions can be beneficially applied to enhance the dissolution rate of the PRX. Furthermore, drug to carrier ratio, type of carriers and dissolution medium pH had the major roles in the dissolution rate in the solid dispersion. The maximum dissolution rate was obtained in the solid dispersions with drug to crospovidone ratio of 1:1, drug to Elaeagnus angustifolia fruit powder ratio of 1:2 and drug to MCC ratio of 1:5, where further increase of carriers did not increase the dissolution rate of PRX. Generally, solid dispersion formulations can increase the dissolution rate by several factors including the increasing of surface area, increase in drug wettability, prevention of drug aggregation, and creation of amorphous polymorph of the drug in the solid dispersions.
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